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Modification 15" M-6
HT Air

20" M-6
Air

31" M-10
Air

22" M-15/20
He

20" M-6
CF4

Steam
Ejector

Variable Area
Diffuser

Heat
Exchanger

Heater 
Modification

Nozzle

Settling
Chamber

Reclaimer
Mods

DAS
Upgrades

Tunnel Capability Productivity Reliability

15-Inch Mach 6 HTA

20-Inch Mach 6 Air

20-inch Mach 6 CF4

31-Inch Mach 10 Air

22-Inch Mach 15/20 He

Variable area diffuser 
Heater mods 
Test section

Settling chamber
*Steam ejector
*Schlieren system

New heater

Optical access
Pitot probe

Electron beam

Steam ejector
DAS upgrade

DAS upgrade

DAS upgrade

Steam ejector
DAS upgrade

Add'l vacuum
Add'I reclaimer
DAS upgrade

Heat exchanger

Nozzle

N2 Dewar
Heater mods
Reclaimer mods

Heater mods
Filter

New vacuum
capability

*Improvements of existing capability

Table III.  Recent tunnel hardware upgrades and modifications.

Table IV.  Enhancement categories for current/future upgrades.

Table II.  Completed AFC facility upgrades and improvements.

Modification 15" M-6
HT Air

20" M-6
Air

31" M-10
Air

22" M-15/
20 He

20" M-6
CF4

Nozzle

Filter

FFSP

Pitot probe

Test section

Model injection

Hi pressure

Vacuum

Fund
source

R&D
NASP

'91 CoF
'93 CoF
'96 CoF

'88 CoF
'89 CoF

'88 CoF
'89 CoF

'88 CoF
'89 CoF
'92 CoF
'93 CoF
R&D/

maintenance

'89 CoF
'91 CoF
'96 CoF
'97 CoF

throat
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Fig. 2 (a)  Effect of normal shock density ratio on AFE
symmetry plane pressure distributions at 
M•  = 6 and a  = 0° (from Micol, 1992).

Fig. 4  Pitot-pressure profiles at nozzle exit for 
various reservoir pressures in 20-Inch 
Mach 6 CF4 Tunnel (from Micol 1992).

Fig. 3  Effect of gamma on 0.004 scale Space Shuttle
Orbiter pitching-moment characteristics measured
in 15-Inch Mach 6 Air and 20-Inch Mach 6 CF4 

Tunnels, M•  = 6 and d bf = 0° and 16.3°.

Fig. 2 (b)  Measured and predicted pitching moment
characteristics for wind tunnel conditions and maximum

dynamic pressure flight case (from Micol, 1992).

Fig. 1  Facilities of the Aerothermodynamic Facilities Complex.
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Fig. 5  Pitot pressure profiles at nozzle exit for various
reservoir pressures in 20-Inch Mach 6 Air 

Tunnel (from Micol, 1995).

Fig. 6  Effect of Reynolds number on 
windward heating rates for X-34 at 

M•  = 6, a  = 0°, and d cs = 0°.
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Fig. 7  Pitot-pressure profiles measured in 15-Inch 
Mach 6 High Temperature Air Tunnel for various 

reservoir pressures (taken from Hodge, 92).

Fig. 8  Pitot-pressure profiles measured in 31-Inch 
Mach 10 tunnel for various reservoir 

pressures (from Micol, 1995).

Fig. 9  Pitot-pressure profiles measured in the 22-Inch 
Mach 15/20 Helium Tunnel with Mach 20 nozzle for 

various reservoir pressures (from Micol, 1995).

Fig. 10  Pitot-pressure profiles measured in 22-Inch 
Mach 15/20 Helium Tunnel with Mach 15 nozzle for 

various reservoir pressures.
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Fig. 11  Illustration of two-color relative intensity
phosphor thermography acquisition system.

Fig. 12  Wake survey studies of spherically blunted cone
 model in 20-Inch Mach 6 Air Tunnel.

Fig. 13  Comparison of pitot-pressure distributions

measured with original and new nozzles;

p
t, 1

 ~~ 1500 psia and z/L - 0.5 for 

20-Inch Mach 6 CF4 Tunnel.

Fig. 14  Photograph of 157 probe pitot-pressure rake;
rake probe spacing equals 0.125 in.
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Fig. 15  Sketch of three-stage steam ejector augmenting
vacuum capability for 31-Inch Mach 10 and 15-Inch 

Mach 6 HT Air Tunnels.
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Fig. 16  Sketch of original diffuser and heat exchanger
for 15-Inch HT Air Tunnel.
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Fig. 19  Sketch illustrating optical access enhancements
 for 31-Inch Mach 10 Air Tunnel.

Fig. 20  Stereo-Lithography (SLA) X-33 model in
22-Inch Mach 15/20 Helium Tunnel.

(a)  Schlieren Photograph of X-33 Phase I concept

in 20 Inch M6 CF4.

Fig. 17  Sketch of variable area diffuser (VAD) 
and new heat exchanger for 15-Inch HT Air Tunnel.

Fig. 18  Effect of area variation using translating plug 
(VAD) on total run time in 15-Inch HT Air Tunnel.
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(b) Aeroheating - Thermographic Phosphor 

Technique; 20-Inch M6 air; α = 15°; X-34 concept.

Fig 21  Examples of typical aerodynamic and 
aeroheating data base development for 
X-33 phase I, X-34, and X-38 concepts.

Fig 21  Continued.
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(d) Surface streamlines using oil flow technique for X-33 

Phase I concept; 20-Inch Mach 6 Air; 

Re•  ~~ 2.0 x 106/ft.

Fig 21  Concluded.

(c) Pitch characteristics at Mach 6 in CF4 and air

for X-38 concept.

Fig 21  Continued.
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